Fluctuating asymmetry (FA), used as a measure of phenotypic quality, has proven to be a useful predictor of human life-history variation, but nothing is known about its e¡ects in humans living in higher fecundity and mortality conditions, typical before industrialization and the demographic transition. In this research, I analyse data on male life histories for a relatively isolated population in rural Belize. Some of the 56 subjects practise subsistence-level slash-and-burn farming, and others are involved in the cash economy. Fecundity levels are quite high in this population, with men over the age of 40 averaging over eight children. Low FA successfully predicted lower morbidity and more o¡spring fathered, and was marginally associated with a lower age at ¢rst reproduction and more lifetime sex partners. These results indicate that FA may be important in predicting human performance in fecundity and morbidity in predemographic transition conditions.
INTRODUCTION
There is a burgeoning literature on the relationship between £uctuating asymmetry (FA) and many aspects of the life histories of animals and humans. Because FA is an indicator of phenotypic quality, it is particularly appropriate for the study of ¢tness traits. This paper focuses on relationships between FA and ¢tness measures in a sample of human males in Belize, Central America. These measures include estimates of reproductive success, including number of o¡spring and lifetime number of sex partners, as well as likely correlates of FA that may have ¢tness consequences, such as income and morbidity. To my knowledge, data of this type have not previously been published for humans living outside of industrialized nations. The signi¢cance of this is that these populations have exposure to pathogen and fecundity levels closer to those experienced by individuals during the vast majority of human existence. Non-industrialized populations are thus living under conditions closer to those for which humans are biologically adapted.
FA is de¢ned as deviation from perfect symmetry in bilateral physical traits that do not display any directional tendency, and that are close to being normally distributed (Van Valen 1962) . FA is an empirically measurable means of tapping di¡erences between individual organisms in the degree of precision of expression of developmental design, or in other words, it is used as a proxy to measure how precisely the genotype generates the phenotype, given that organisms face genetic and environmental perturbations during development (Parsons 1990 ).
(a) FA and direct indicators of ¢tness
Fitness can only be in£uenced by changing the fecundity (i.e. number of o¡spring produced) or survival of oneself or one's genetic relatives (e.g. Stearns 1992 ); thus, in this study, FA is considered as a predictor of human performance in fecundity and survival.
The animal literature contains a number of studies where FA has been found to negatively associate with fecundity (see MÖller (1997) for a review). In human females, higher levels of breast asymmetry are associated with lowered fecundity (MÖller et al. 1995; Manning et al. 1996) . Here data on FA and number of o¡spring fathered by men are analysed, with the prediction being that men with low FA will on average have higher fecundity.
Male fecundity tends to be strongly a¡ected by the number of sex partners that the male can gain access to (e.g. Borgerho¡ Mulder 1987) . High FA has been shown to reduce male fecundity via two routes: either through asymmetrical individuals being disadvantaged in direct intrasexual competition for mates, or because they are disfavoured in mate-choice by the opposite sex (e.g. Ligget et al. 1993; Arcese 1994; Rintamaki et al. 1997) . Thornhill & Gangestad (1994) found that for male and female college undergraduates, FA was negatively associated with lifetime number of sex partners, although contraceptive use in this population would virtually eliminate the fecundity consequences of copulating with multiple partners. This research analyses FA and number of sex partners in a human population that does not commonly use modern methods of birth control.
Reproductive success may also be reduced by delayed reproduction, producing a shorter reproductive span. Manning et al. (1996) showed an association between breast asymmetry and delayed fecundity in human females. Thornhill & Gangestad (1994) found FA to be positively associated with age at ¢rst sexual intercourse for men. Here I study the relationship between FA and male age at ¢rst reproduction, as well as the association between the male's FA and the age of his wife upon marriage. The expectation is that more symmetrical men will have o¡spring earlier with women who are on average younger (i.e. with women who have higher reproductive value). Livshits & Kobyliansky (1991) found that high FA in parents predicted a higher number of pre-term (and therefore less viable) infants. This e¡ect was seen for FA in either parent. This study analyses data on infant mortality and FA in the father, in an attempt to ¢nd out whether FA is positively associated with infant mortality.
(b) Fitness-related correlates of FA Fertility or survival may be in£uenced by FA indirectly if FA is associated with aspects of human performance which themselves predict ¢tness outcomes. Resource possession has been shown to be associated with reproductive success in humans (e.g. Borgerho¡ Mulder 1987; Voland & Engel 1990 ), but it is not yet known whether income or land holding is related to FA. This study analyses the relationship between FA and earned income, the prediction being that FA will negatively associate with income, and income will positively associate with reproductive success.
Morbidity may a¡ect reproductive success in at least two ways: by reducing fertility, and by reducing physical attractiveness to the opposite sex (Symons 1995) . FA and morbidity are likely to have a bi-directional relationship, where high FA reduces resistance to disease, and disease causes high FA (e.g. Kantor 1994 ; for a review of FA and disease, see Thornhill & MÖller (1997) ). Data are presented here on lifetime morbidity estimates in adult males in a region of relatively high pathogen prevalence. Given this fact, and that low FA connotes pathogen resistance, it may be the case that FA will be strongly correlated with morbidity in this sample, and that both will be predictors of reproductive success.
Higher growth rates have been recorded for symmetrical individuals in a number of animal species (for a review, see MÖller (1997) ). This is not surprising since growth, like FA, is to a certain extent a measure of how well an organism has coped with its environment. This is because large or rapidly growing individuals are able to allocate more energy to growth despite other demands on the body's ¢nite energy resources. Large body size is signi¢cant as an indicator of male competitive ability, and has been shown to be an attractive trait to females in human mate choice (Husain & Firdous 1990) , and is a marginally signi¢cant predictor of higher fecundity in Ache hunter^gatherers (Hill & Hurtado 1996) . Body weight has also been found to be negatively associated with FA in human males (Manning 1995) . Here I attempt to duplicate ¢ndings that body size is associated with FA.
METHODS
The study subjects are 56 males between the ages of 18 and 75, recruited from two villages in Western Belize. The villages lie about ¢ve miles apart on an unpaved road that was built in the early 1980s, before which access to the nearest sizeable town was by canoe, and took about 20 min to the closer of the two villages. Sixty three per cent of the subjects identi¢ed themselves as Mayan, the majority of whom were Yucateca Maya. Of the remaining men, 34% were Mayan through only one parent or were Mestizo, and 3% belonged to other ethnic groups.
The traditional mode of subsistence is slash-and-burn agriculture (known as milpa), although only 48% of the sample still engage in milpa. The remainder of the men primarily perform paid work. Most men spend at least some time pursuing wild game.
The population of the two villages together totals around 1500 individuals according to Belize 1991 census ¢gures. Subjects were recruited by the following method: the villages were divided into groupings of approximately ten houses based on geographical proximity, then within each grouping of ten houses one was selected. If no adult males were home, a time to return was arranged with other family members. If the man was not home at the arranged interview time, another house in the grouping was selected. This method yielded a total of 56 men, residing in every part of the two villages. Given that the sex ratio in Belize is 1.03 males to each female, and that 43% of the population is under 15 years of age (1997, CIA world facts), this means that approximately 15% of the adult male population were sampled. Of the men approached for interview, 3.4% refused to participate in the study. Interviews lasted between one and three hours, although sometimes considerably more time was spent with subjects than was taken to complete the interview. At the end of each interview, subjects were paid the equivalent of US $5.
To assess £uctuating asymmetry, eight bilaterally symmetrical features were measured using 6 inch (1 inch 2.54 cm) digital callipers: wrist breadth, elbow breadth, ear breadth, ear length, and ¢nger length for four ¢ngers. Left and right sides of these features were measured independently to the nearest millimetre. The £uctuating asymmetry of subjects is calculated by the absolute di¡erence between left and right sides of each trait, divided by the sample mean trait size for each trait, summed over all traits.
In research involving FA, each trait is typically measured twice. However, for this research a decision to only measure once was made because the ¢rst subjects measured were extremely uncomfortable with the process, and some coaxing was necessary to obtain the ¢rst set of measurements. An assessment of the ability of the measurer can be made using previous FA data collected by the measurer in the US, where data on 20 subjects and nine measures yielded an intraclass correlation of 0.68, F 5.19, p 0.0002. This ¢gure is very similar to those in other published studies (e.g. Furlow et al. 1998 ).
An additional issue concerning FA data is that di¡erences in asymmetry may contain a directional component. This is common in hand measurements, and is due to handedness (see Furlow et al. 1997 ). The Mayan sample did not, however, show signi¢cant deviations from zero for the mean on any of the hand measures used, but ear width was found to have a mean signi¢-cantly di¡erent from zero (mean 0.088, t 3.31, p 0.002), and was not used in the FA calculations. It is di¤cult to visualize why left ears should be wider than right ears, and this result is thus probably an artefact of sampling variation.
Information on subjects' age, lifetime number of sex partners (excluding prostitutes), number of live-born o¡spring, o¡spring mortality (for live-born children), age at ¢rst reproduction, and 1996 income from all sources was obtained via a private interview. A cross-check of the data on lifetime number of sex partners was performed for subjects for whom a close male friend or brother was available who claimed to know the subject's sexual history. Sixteen subjects consented to this cross-check, and the same number of sex partners was reported for the subject in 11 of the 16 cases (69%). In all ¢ve cases where there was a discrepancy, the subject reported fewer sex partners than the friend/brother reported for him. Four of the subjects later admitted to the extra sex partners, and one claimed that his friend/brother was wrong (and so his original estimate was used).
Reported lifetime sex partner numbers in the sample are very low by US and European standards: the highest number reported by any individual was seven. Family life is very important to most of the men in the villages, and marital dissolution is also rare, with only 16% of the men sampled having been raised without their father in the home.
Family members were invited to be present while the subject recalled information on all illnesses experienced as an adult for which medical attention was sought. Only serious illnesses were counted, and typical examples are: tuberculosis, tumours, malaria, dengue fever and yellow fever. Statistical analyses were performed on the total number of serious illnesses during adulthood, and all illnesses during the past year (including minor illness such as common colds). If the subject was currently married, his wife was also present when he recalled his wife's age when he married her. Data on the age of the wife at marriage were obtained for 17 of the men.
Height was measured in inches, and weight was measured using a mechanical scale. Table 1 lists sample means, the observed range and Pearson correlation coe¤cients for each variable. Table 2 shows statistical results for the relationship between FA and number of o¡spring fathered. Because the number of o¡spring was not a normally distributed variable, but instead consists of a count over time, a Poisson regression model was ¢t using the GENMOD procedure in SAS. The data on number of o¡spring do not represent completed fecundity, thus age was controlled for statistically, as well as age-squared to account for any nonlinearity. Both of these terms were highly signi¢cant predictors of fecundity. FA also signi¢cantly predicted fecundity in this model (1 2 9.43, d.f. 1, p 0.002). Figure 1 displays a plot of this relationship, again controlling for the e¡ects of age and age-squared.
RESULTS
The reported lifetime number of sex partners, also a non-normally distributed variable modelled using Poisson regression, was not associated with FA (1 2 1.43, d.f. 1, p 0.23, with age and age-squared controlled for; see table 2). However, for those men in the sample under the age of 41, high FA was marginally associated with a lower number of lifetime sex partners (1 2 2.82, d.f. 1, p 0.093, two-tailed test).
Subjects' age at ¢rst reproduction contained rightcensoring, i.e. not all of the sample had reproduced, thus the data were analysed using the LIFEREG procedure in SAS. Age at ¢rst reproduction was marginally associated with FA (72 log L for Gamma 35.44, estimate 1.47, p 0.09). The age of the wife at marriage for men who have been married was analysed for the 17 men for whom (b) Fitness-related correlates of FA Income for Mayan men is not normally distributed owing to the fact that some men in the population are not a part of the cash economy, but live at a subsistence level. This creates a distribution that has a large number of observations at zero, with the remaining frequencies being normally distributed. This situation was handled by only including men who earned cash income in 1996 in the analysis. Income was not signi¢cantly associated with FA for these men adjusted (r 2 0.02, p 0.17; see table 3), but the association was in the predicted direction, and the correlation coe¤cient between FA and income for the entire sample was also quite high (70.15).
The occurrence of life-threatening illness was signi¢-cantly higher in men with higher FA (Poisson regression, 1 2 5.52, d.f. 1, p 0.02; Because the occurrence of life-threatening illness was found to be associated with FA, but is not necessarily related to ¢tness itself, analysis was performed to assess the e¡ects of illness on the reproductive variables. The number of life-threatening illnesses experienced was marginally negatively associated with lifetime number of sex partners (with age controlled for, Poisson regression estimate 70.27, 1 2 2.68, d.f. 1, p 0.10). None of the other ¢tness measures was signi¢cantly associated the occurrence of life-threatening illness. These results suggest that, although men who have experienced serious illness may be slightly less preferred as mates, FA did not appear to a¡ect ¢tness via poor health outcomes for men with high FA.
DISCUSSION
FA proved to be quite successful as a predictor of performance in reproduction and health: the direction of the regression estimates were as predicted in 9 of the 12 analyses, and associations were highly statistically signi¢-cant for o¡spring number and the number of serious illnesses experienced. A marginally signi¢cant association was found between high FA and delayed age at ¢rst reproduction. Another marginally signi¢cant association was found by limiting the age range of the sample: high FA predicted a lower number of sex partners for men aged 40 and under.
Precisely how FA a¡ects reproductive outcomes cannot be determined conclusively with the data. The results are, however, supportive of a pattern in which men with high FA are less preferred by females, and consequently have fewer sex partners, reproduce later, with the end result being fewer o¡spring fathered. The e¡ects of delayed reproduction on o¡spring production can be estimated using data on the 35 men with children in the sample. For these men, controlling for age and age-squared, one fewer o¡spring is fathered for every ¢ve years delay in age at ¢rst reproduction (1 2 7.13, d.f. 1, p 0.0076). This implies that the delay in ¢rst reproduction associated with FA will itself result in fewer o¡spring produced, independent of any other direct e¡ects of FA on mating success and fecundity.
Some of the failures of FA as a predictor of life-history variation also deserve discussion. A signi¢cant correlation between FA and lifetime sex partner number was only found by stratifying the sample by age: indeed, for men over 40 there was a non-signi¢cant trend towards symmetrical men having fewer sex partners. Unfortunately, data on number of sex partners do not provide perfect information on what is really of interest, which is female mate-choice preference for symmetrical men, and the likelihood that symmetrical men have fathered a greater number of o¡spring. For example, a male who has had a long-term relationship with two sex partners is likely to have fathered more o¡spring than a man who has had a single sexual encounter with many 1500 D.Waynforth Fluctuating asymmetry and male life-history traits Proc. R. Soc. Lond. B (1998) more women. For this reason, it should not be too surprising to ¢nd that more symmetrical men do not necessarily have more sex partners, as they are assumed to be attempting to maximize their number of potential conceptions rather than number of sex partners. What is needed to solve this problem is a study design in which the number of potential conceptions is estimated (Perusse 1993) . This would minimally involve asking men how many times they have copulated with each sex partner. Contrary to the predicted pattern, both body weight and height were positively correlated with FA, with height almost reaching statistical signi¢cance using a two-tailed test. Given that a strong, negative association has been shown between body weight and FA in human males (Manning 1995) , the slight opposite trend found in this data is particularly surprising. A plausible explanation is that the men in this sample have radically di¡erent diets depending on their occupation, and that this confounds any relationship between FA and body weight. Men involved in the cash economy appear to eat foods higher in fat and re¢ned sugars when compared with their farming counterparts, who tend towards a diet dominated by starches. When applied to the data this explanation does not, however, hold up: when work type is controlled for statistically, FA is still positively associated with body weight (regression coe¤cient 32.9, t 1.34, p 0.19, n 56).
Despite the above failures of FA to explain some of the parameters measured in this research, the results are generally supportive of the prediction that FA is related to human performance in fecundity and survival in human populations living in high fecundity, high morbidity conditions. Given that these conditions are disappearing in human populations worldwide, more research on FA and human performance in non-industrialized populations is needed in the near future to further assess the role of FA in human adaptation.
